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Abstract 
Every year governments of the European Member States invest several billion Euros in maintenance and upkeep of 
their schools. With 17% of non-residential buildings in the European Union being educational buildings, there is a 
substantial opportunity for setting examples of integrated refurbishment actions, which address functional and 
energy-related aspects in a joint view.   
Currently these potentials are not fully exploited. The reasons for the few numbers of truly holistic school 
refurbishment projects can be found in the limited budgets, the political and institutional framework conditions as 
well as the lack of innovative and holistic building refurbishment concepts. The assumption for research was that 
refurbishment in educational buildings focuses mostly on single measures in respect of maintenance and adaptation 
of the building structure. Energy efficiency measures are only selectively considered and functional changes are 
rarely implemented in existing buildings.  
This paper summarizes the results of the research project SchulRen+ [5] that analyzed school buildings in an 
integrated approach: Considering structural, functional and energy-related aspects in a joint view – the project 
reveals high performance refurbishment actions that have the potential for the development of ‘Nearly Zero Energy’ 
or ‘Plus Energy’ buildings.  
Based on the example of the school building stock of the city of Vienna, a nationally funded project analyzed these 
constraints with the goal of providing workable solutions for integrated school refurbishments. In an 
interdisciplinary approach, stakeholders from the city municipality, schools as well as building professionals 
provided input for the development of a methodology for replicable energy- and functionally optimized school 
refurbishment concepts. Structural, functional and energy relevant framework conditions were summarized and 
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synergetic potentials of comprehensive school refurbishments were highlighted. Following the requirements of the 
stakeholders, different scenarios (light, intermediate, advanced) were subsequently tested in terms of functionality, 
energy efficiency and life cycle costs. For one case study a typical end of 19th century building was selected - similar 
building types can be found across central Europe. It demonstrated the required changes in prospective school 
refurbishment projects. The emphasis was on the energetic optimization in synergy with the optimization of the 
functional room concepts in order to give justice to the changed requirements in new teaching types and methods.  
The case study resulted in concrete recommendations for decision support and showed how portfolio management 
and a holistic refurbishment approach could be undertaken for larger educational building stocks.  
 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
A large proportion of the buildings, which we will use over the next century, have already been built. Many of 
these existing buildings are still in need of refurbishment in order to increase internal comfort and to meet the 
challenging climate goals. Refurbishment quotas are therefore often used in governmental strategies but are not 
always met. Austria has set itself a refurbishment rate of 3% relating to the entire building stock until the year 2020 
but is currently only at 1% [1]. Especially public buildings could therefore be frontrunners and best practice 
examples in order to increase refurbishment rates. Schools have in the domain of public buildings an even more 
prominent role: they are frequented by pupils, teachers and parents and can therefore act as substantial multipliers in 
the awareness for energy efficiency. Regarding energy efficiency measures targeting the building stock it has to be 
mentioned that public buildings owned by the Austrian central government are subject to energy savings according 
to Energy Efficiency Directive (EED) [2] and the respective national legislation (EEffG) [3], while there is no such 
obligation for public buildings owned by the regional governments and municipalities. In Austria, specific types of 
schools are owned by the central government, by regional governments or by municipalities. Vienna is a regional 
government and a municipality at the same time and is therefore in charge of a high number of schools. While 
ownership of schools is different, challenges are the same.   
Usually, school building refurbishments are based on individual measures focusing on the upkeep of the building. 
The buildings stock is updated in terms of safety, fire regulations, accessibility and functionality. An overall 
integrated approach including improved energy efficiency measures combined with adapted functionality does not 
play a significant role. Bringing the safety measures to the state of the art is mostly the prevailing cause for action.  
 
Fig. 1. Percentage of schools of the city of Vienna based on the construction period [4] 
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As an example, the city of Vienna has between 2008 and 2017 allocated 570 million Euros for these basic 
maintenance and adaption measures. With 242 compulsory schools within the city, on average this results in about 
2.3 million Euros per school, which only allows for basic and individual measures. 80% of these schools were 
constructed in the 19th and 20th century (as shown in Fig. 1) and can therefore be considered to be in need of 
refurbishment [4]. Based on these refurbishment actions there is a significant potential for more holistic measures. 
Allowing for an integrated approach instead of a patchwork of single measures could provide substantial 
improvements in terms of energy efficiency and adapted functionality. Learning environments have changed and 
new teaching methods are emerging, thus functional improvements require adapted learning spaces. Combining 
contemporary architecture and spaces with energy efficient measures and required updates to the building structure 
could create substantial synergies in terms of costs, energy reduction and improvement of space.  
 
Therefore in the research project assumptions have been defined [5]:  
Combining functional adaptions and energy efficient measures and adding them into standard upkeep and 
maintenance refurbishment actions, could achieve cost savings over the life cycle of the building. 
There is a potential to refurbish school buildings to high performance buildings standards such as ‘Nearly Zero 
Energy’ or ‘Plus Energy’ buildings.  
The lack of holistic refurbishment actions cannot only be based on limited budgets and challenging institutional 
framework conditions but also in the lack of innovative concepts that can be easily adapted to various school 
buildings types, thus a standardized methodology to develop such concepts can be beneficial.  
 
In the research project the Viennese school building stock was analyzed and based on a prototypical example 
replicable energy- and functionality optimized school refurbishment concepts have been developed in an 
interdisciplinary approach together with relevant stakeholders. The paper outlines the applied methodology and 
subsequent results of the prototypical example of a typical Viennese ‘Gründerzeit’ school building and the 
conclusions that can be drawn for similar buildings of its type and construction age. Furthermore, the paper presents 
some recent developments with regard to improving energy efficiency in public school buildings in general, and on 
facilitating the access to financing for the renovation of school buildings.  
2. Methodology 
In this section the general approach, which was developed and applied in the research project is described. The 
goal was to define a methodology to rapidly and easily assess in a standardized procedure the potential for various 
refurbishment actions in order to provide a comparable basis for the decision makers (Fig. 2).  
 
Fig. 2. Methodological approach for school refurbishment actions [4,5] 
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2.1. Building analysis  
Before every optimization process the actual status quo of the building needs to be assessed. Relevant for the 
analysis are the following aspects [4]: 
x Building age and context (year of construction; year of refurbishment if applicable; climate; location and urban 
context) 
x Building structure (facades and building envelope; floor plans; building form; structural system) 
x Energy relevant parameters (building use and times of use; specific requirements of the users; building systems; 
energy infrastructure; heating, cooling and ventilation demand)  
For the analysis documents such as building plans, metered data or information for the building energy systems are 
as important as a visual inspection (and confirmation if the available plans represent the actual construction). If 
possible a discussion with the facility manager or school caretakers is essential to gather additional information, 
which is not documented. People taking care of schools have often been responsible for the same building for many 
years and can potentially provide a wealth of crucial information, which should not be neglected.  
2.2. Strategic goal of the project 
Every (building) project is governed by a various group of stakeholders, in the case of a school refurbishment 
project the intrinsic interests of the stakeholders (including teachers, pupils, decision makers from the municipality 
and planners) must be taken into account in order to provide a functional and well-accepted concept, which follows 
the requirements of the users. A common goal definition requires a reflection process from the stakeholders and the 
task to arrive at a common vision for their school. A priority matrix covering the potential goals of the refurbishment 
process can be used in order to assess the motivational areas of the stakeholders and to define the strategy for the 
concept development. A key aspect in the priority matrix is the joint view on energy relevant as well as room 
concept and teaching related topics [4]: 
x Energy (Reduction of CO2 emissions; energy efficiency; integration of renewable energy systems) 
x Architecture (change in architecture and current appearance of the building; pedagogic innovation reflected in 
new room concepts; change in room logistic and uses) 
x Adaption of classrooms (open or semi-open classrooms; differentiated learning environments; flexibility of room 
uses) 
x Materials (resource-oriented construction; use of ecological building materials; green and or landscaped areas and 
open spaces) 
The definition of a clear strategy for the concept developments means in turn that the intensity of the 
refurbishment and thus the change of the existing buildings are not just governed by structural or institutional 
requirements, but in addition by the needs of the stakeholders. If the refurbishment concept meets the needs, then the 
actions, which often mean a significant disruption and subsequent change for the building users, are well accepted.  
2.3. Modular refurbishment measures 
Based on the building analysis and the strategic goals of the project, in a third step the modular refurbishment 
measures have been selected. In an integrated approach the combination of measures – which all have an effect both 
on the energy performance as well as on the functional and architectural aspects of the building – is targeting the 
goals as defined by the stakeholders. The modular system allows different configurations and – if needed – a 
construction phase in different phases in case there is not sufficient budget available in the first stages. Each 
measure is described both from an energy efficiency perspective and the effect it will have on the learning 
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environment (space, flexibility, visual context, light, acoustics, thermal comfort etc.). It is important to note, that the 
integrated approach is a key element of the methodology. Measures are not considered singularly, but in 
combination with other measures with the aim of creating synergies between improved function and energy 
efficiency. The modular system foresees measures in four main groups, which follow the basic principle of energy 
efficient design [4]: 
x Passive design measures (building envelope, building form) 
x Building System measures (heating, cooling, ventilation and lighting system) 
x Integration of renewable energy systems (active systems) 
x Accompanying measures (financing, awareness creation, training) 
2.4. Energy assessment  
The modular approach also necessitates that variations of concepts can be analyzed and compared. The energy 
assessment supports, based on the current (un-refurbished) energy demand of the building, the iterative approach. 
The basis for the simulation model is the building analysis; with the measured energy demand from (ideally) at least 
ten previous years the simulation model can be fine-tuned toward the energy demand of the actual building. Once 
the model is sufficiently close to the actual demand, variations can be tested in the thermal dynamic simulation and 
subsequently adaptions can be made in the concept if the results of reduction in energy demand do not meet the 
required goals. The energy assessment thus allows for a quantifiable support in arriving at a technically feasible, 
functionally optimized and highly energy efficient concept.  
In this project, energy assessment was done with the simulation program TRNSYS 17, deriving input data from  
drawings and information provided, supplemented by own assumptions to substitute  missing data, as it is often the 
case when dealing with the building stock. 
2.5. Life cycle cost assessment 
Similarly to the energy assessment the Life-Cycle-Cost assessment supports in an iterative manner the concept 
development. Especially in refurbishment concepts it is imperative to not just include investment costs in the 
analysis, but to use the overall life-cycle view. The term Life-Cycle-Cost-Analysis (LCCA) is a collective name for 
overlapping cost considerations. These overlapping cost considerations are an important instrument for the 
realisation of sustainable building concepts as they highlight the investor-user conflict and can support to resolve 
this very conflict. Whilst the concept of LCCA actually only assesses the cost factor, the so-called Whole-Life-Cost-
Analysis (WLCA) also takes generated income and external costs into account [11]. In the German speaking regions 
this is also called “Analyse des Lebenszykluserfolges” (Analysis of the Life-Cycle-Success) [12]. The development 
of the building sector towards Plus-Energy-Buildings requires the methodological extension from the purely life-
cycle-cost related cost assessments towards the consideration of the potential generated income. Through 
developments in the field of CO2-emission-reduction (emission trading) it becomes evident that the integration of 
external costs into the cost assessments in necessary: in a Life-Cycle-Success assessment the greenhouse gas 
emissions or at least CO2 emissions can be accounted for with the respective costs.  
The obligation to assess life cycle cost does not require a full calculation all the time but will be adapted to the 
specific task. The method is used to analyse and compare different renovation options and their impact on the 
building lifetime in terms of cost. It is the objective to identify all types of potential cost and cost savings during the 
building life time and make them transparent, in order to make informed decisions. It is not the objective to receive 
precise and true numbers, as this is not possible in the early stage of renovation planning. There are price ranges, 
uncertainties regarding energy price developments and cost of financing. Input data for the assessment are derived 
from published data collections, past renovation projects, project evaluations, and other studies.   
In this project, energy efficient mechanical ventilation systems with heat recovery were subject to specific 
analysis as part of the cost assessments. Many studies have resulted in the conclusion that schools must be equipped 
with mechanical ventilation systems because natural ventilation will not be sufficient due to the high occupancy rate 
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in classrooms and auxiliary areas.    
3. Results  
For the project presented in this paper the methodology as outlined above has been followed. For the case study a 
prototypical exampled of a Viennese ‘Gründerzeit’ school building constructed in 1898 has been selected. The age 
of the building is very representative for Viennese schools, as over 30% of the school building stock was erected 
before 1900 [4]. The building is in a dense urban environment in the 21st Viennese district as shown in Fig. 3. The 
floor plan shows a block at the east side (15° towards north) with two almost identical building blocks to the north 
and south. The two blocks originally hosted the boys- and the girls-sections of the school. There are three floors and 
the attic is unused and in its original condition (Fig. 4). The total gross floor area was calculated 6,900m2, total 
useful area 2,900m2. 
 
 
Fig. 3. Aerial view (left) and site plan (due north) with the case study highlighted in yellow (right) [4,13] 
 
Fig. 4. Ground floor plan (left) and section (right) of the case study [5] 
Following an analysis of the building, the goals of the project have been defined and adequate refurbishment 
measures have been identified. In order to be able to discuss different scenarios with the stakeholders, three different 
concepts, with increasing degree of innovation (light, intermediate, advanced) have been selected based on the 
modular and integrated approach. Whilst the light scenario was considered to be representative for slightly 
progressive but state of the art refurbishment actions, the intermediate and particularly the advanced scenario 
considered a series of measures not currently applied for school refurbishment actions in the municipality. Upon 
presentation of the three different approaches, the light scenario has been selected by the involved stakeholders, 
which considered the following main actions: 
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x Thermal refurbishment of building envelope (including windows) 
x Thermal separation of different vertical and horizontal zones (depending on use) 
x Clustering of classrooms and auxiliary rooms (improvement of functionality)  
x Heating and mechanical ventilation circuits depending on zones, uses and orientation (time and space controlled) 
x Low temperature heating  
x Solar thermal and Photovoltaic integration in building envelope  
x Real-time visualization of the energy demand and generation for communication purposes  
In the energy assessment several measures have been simulated both individually and grouped with different 
combinations, with the assumption that several measures are carried out simultaneously (e.g. if the improvement of 
the opaque façade elements is carried out together with the exchange of windows, then costs can be saved in the 
setting up of the site and scaffolding). Fig. 5 shows an example of some of the results of the reduction of heating 
energy demand. Building envelope improvement (A1 insulation floor to basement, A2 insulation ceiling to attic), if 
carried out singularly results in only minor reductions. New windows (A3) or alternatively the insulation of the 
walls (A4) have a bigger effect but are associated with higher costs and greater disruption. Joint passive measures 
such as the overall building envelope (B1) or the refurbishment of the envelope together with new windows (B2) 
have the biggest impact from the architectural measures. Adding the building systems (C1), controlled energy 
efficient mechanical ventilation with heat recovery (C2) the reduction comes down to 17% compared to the existing 
building or an improvement of 83%. To assess what can be achieved by an improved zoning of the building 
(conditioning and separation of building zones based on time and usage), it shows that a 13% heating demand 
reduction alone can be achieved without constructional measures. However it is clear, that in order to increase the 
internal comfort for the inhabitants both an improvement of the thermal envelope as well as a mechanical ventilation 
system are prerequisites. A series of studies relating to ventilation in school buildings come to the conclusion, that in 
order to provide adequate fresh air whilst reducing ventilation heat losses, a mechanical ventilation system is 
mandatory in any school building. 
 
 
Fig. 5. Percentage of heating energy demand of selected refurbishment measures compared to existing building [4,5] 
Taking the energy reduction scenario to a zero or plus-energy scenario by taking the integration of renewable 
energy systems into consideration shows that with a refurbishment scenario C2 the roof area of the building would 
provide sufficient space for 400m2 of photovoltaic and 30m2 of solar thermal collectors giving a theoretical zero 
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energy balancing over the course of a year. However it must be noted that these numbers are indicative theoretical 
numbers only, as they are based on the assumption, that energy generated can also be stored or (in the case of the 
PV) transferred back into the grid with zero losses.  
For the subsequent assessment of the life-cycle-costs, scenario C2 has been selected exemplarily as a basis. The 
thermal refurbishment of the building envelope has been included in all three variants. Since part of the windows 
have been already renewed in previous years (albeit not to current standards), in variant 3 the assumption is that only 
the original windows will be replaced. In variant 1 and 2 the refurbishment measures include the energy efficient 
mechanical ventilation system with heat recovery, also under the assumption that the total costs have to be 
accounted for, thus not making any deductions for potentially required ventilation due to poor indoor comfort. 
Similarly the adaptions to the floor plans and improved functionality are also included. The only difference between 
variant 1 and 2 is that in variant 2 it has been assumed that the façade is in need of standard renovation actions (such 
as plastering, painting) and therefore the costs for site installation and scaffolding (which make up to 50% of the 
total costs of the insulation measures) are already accounted for and can therefore be deducted. This has also been 
assumed in variant 3. See Table 1.  
Table 1: Description of variants in life cycle assessments based on scenario C2 above [4,5] 
Description Variant 1 Variant 2 Variant 3 
Thermal refurbishment of building envelope x x x 
All windows renewed x x  
1/3 of all windows renewed    x 
Energy efficient decentralized / hybrid ventilation system 
with heat recovery 
x x  
400m2 Photovoltaic  x x x 
30m2 Solar Thermal  x x x 
Changes to floor plans: zoning, clustering and 
improvement of functionality  
x x  
Total costs for ventilation systems are included  x x  
Total costs for insulation of building envelope included x   
The costs for standard renovation actions of the building 
envelope are deducted from the insulation actions (50%) 
 x x 
Table 2: Life-Cycle-Cost-Analysis for different variants [4,5] 
 Variant 1 Variant 2 Variant 3 
Investment Costs in € (rounded to €1,000) 1,567,000 1,329,000 786,800 
Energy related amortization time in years WITHOUT 
taking into account CO2 costs and CO2 credits 
36 30 16 
Energy related amortization time in years INCLUDING 
CO2 costs and CO2 credits 
33 28 14 
External cost of CO2 [EUR/tCO2] 70 70 70 
Interest rate in % 3% 3% 3% 
Credit period in years 25 25 25 
Annuity factor 0.057 0.057 0.057 
Yearly re-payment in € (rounded to €100) 90,000 76,300 45,200 
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Table 2 shows the assumption made as a basis for the calculation (interest rate, credit period, external cost of CO2 
based on [14] and [15]) as well as the results based on the variants as described in Table 1 above. The investment 
costs and also the yearly repayment in variants 1 and 2 are significantly higher than variant 3. Reducing the 
investment costs for the insulation of the thermal enveloped by the costs which have to be taken into account during 
the refurbishment of the façade as shown in variant 2 make up for 15% of the cost reduction. 
4. Discussion  
The application of the methodology showed that the step-by-step and modular approach supports holistic 
refurbishments concepts leading to combined improvements of energy efficiency, functionality, architecture, life-
cycle-costs and indoor thermal comfort. Especially the requirements of adapted learning spaces can only be 
implemented, if an integrated approach in refurbishment is undertaken. Substantial energy demand reduction and 
increase in thermal comfort can be achieved if the building shell is considered jointly with the building services, 
including the so necessary mechanical ventilations systems which must comply with ambitious energy efficiency 
requirements at the same time. Zero-Energy and even Plus-Energy refurbishments are feasible from a technical 
perspective, as roof space for the integration of solar thermal or photovoltaic can suffice to cover the remaining 
demand after reduction measures. The governmental and municipal school buildings offer a substantial potential in 
an urban context to not just apply energy efficiency measures, but to increase awareness and set best practice 
examples by integrating renewable energy systems into highly frequented public buildings.  
The challenge lies in the institutional framework conditions with its limited budgets and yearly expenditure rates. 
The methodology can deliver a framework and guidance for integrated refurbishment actions. Cost and energy 
analysis based on available methods tailored to the specific case under investigation can provide quantifiable 
indicators for decision support.  
However, qualitative factors such as improved learning spaces, functionality and architecture are more difficult to 
quantify. Even indoor thermal comfort – albeit a measurable indicator – is a challenging factor in any Life-Cycle-
Success-Assessment or Life-Cycle-Cost-Assessment (LCCA) in renovation planning: a renovation variant without 
mechanical ventilation must not be compared to a variant with mechanical ventilation, because building services 
provided are not the same. The benefit – improved air quality – is not part of the assessment. If renovation measures 
are planned and assessed in terms of cost, only variants with mechanical ventilation are allowed because appropriate 
indoor air quality serving the purpose of the specific building utilization, namely learning, can only be assured with 
mechanical ventilation. This has to be taken into account when planning the renovation budgets for educational 
buildings.  
In terms of cost assessment methodology, LCCA is the basic approach while it should be decided on an individual 
basis, whether it is worth the effort to include income-related aspects into the assessment. Among others, the impact 
depends on the value of external cost of CO2, and how to take it into account, which needs further discussion: 
Scientifically determined external cost of CO2 do not correspond at all with the values traded on the stock exchange, 
demonstrating that the market-based approach dealing with external cost of CO2 has failed.  
In Austria, there is an ongoing discussion whether energy efficient ventilation should be considered an energy 
efficiency measure according to EED (2012,) as the energy cost reduction will only slightly decrease, whereas the 
investment costs are significantly higher. Mechanical ventilation is even at the moment not included in the energy 
efficiency measures catalogue of Monitoringstelle Energieeffizienz (according to EffG 2014), managed by the 
Austrian Energy Agency, but ventilations systems manufacturers argue that ventilation as such has to be compared, 
and that energy efficient ventilation with heat recovery results in energy savings compared with other solutions 
providing the same quality of indoor air.  
The national implementation of the EED (2012) is a law named EEffG (2014), requiring the development and 
application of a mandatory guideline for refurbishments carried out under the obligation of the EEffG, explicitly 
taking into account indoor air quality, life cycle assessment and use of ecological materials. During the year 2015, 
this guideline was developed involving all affected stakeholders, and was finalized in February 2016 [6]. This 
guideline is a step forward in holistic renovation because, among other measures, it requires mandatory LCCA, and 
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integrated planning in case of major renovations. The obligation to assess Life-Cycle-Cost does not require a full 
calculation all the time but will be adapted to the specific task. The method is used to analyze and compare different 
renovation options and their impact on the building lifetime in terms of costs, the objective being the identification 
and transparency of all types of potential costs and cost savings during the building lifetime in order to make 
informed decisions. Standards such as the Austrian Standard ÖNORM B1801-2:2011 "Bauprojekt- und 
Objektmanagement, Objekt-Folgekosten", and tools for LCCA following acknowledged standards are available [9] 
[10]. In practice, expertise in LCCA is growing, however, consistent consideration of Life-Cycle-Cost requires 
changes in organizational processes which is one of the major challenges in making use of the potential of LCCA.  
Regarding renovation of public schools, there is also a sour note, namely the fact that most refurbishment 
measures under the obligation of the EEffG have already been planned under the so-called alternative approach. The 
EED offers two options how to achieve efficiency targets: either to achieve the energy saving target by deep 
renovations or by so-called alternative measures, which also include energy contracting offered by energy service 
companies (ESCOs). ESCOs usually target only the building services systems and not the building envelope due to 
profitability reasons. The Austrian government does not award ESCO-contracts beyond 10 years which would be 
necessary to consider energy efficiency measures addressing the building envelope. Many Austrian schools are 
under an ESCO-contract because this is considered a feasible way to escape the severe problem of lacking budget. 
Therefore, new financing options are crucial to facilitate the application of guidelines and concepts, which will 
improve schools substantially, in terms of functionality, learning environment, health, comfort, and also energy 
efficiency. A new project called ENERFUND and funded by HORIZON 2020 started in February 2016, targeting 
deep renovation of buildings in general, and schools. It is the objective to make use of information of various data 
sources such as energy performance certificates (EPC) and EPC-databases, but also other information such as 
relevant legislation and other aspects, which could either hinder or promote deep renovations. Relevant and 
accessible building information will be geocoded and displayed, in order to provide information at a glance for 
refurbishment companies, ESCOs and investors in general, but also to motivate building owners to increase the 
quality of their building stock [7]. Viennese schools could be integrated by making use of the Viennese EPC-
database called WUKSEA (“Wiener unabhängiges Kontrollsystem für Energieausweise”), which became 
operational with the respective law in 2015 [8].    
5. Conclusions  
A methodological approach considering integrated refurbishment actions and assessing the actions from a multi-
dimensional perspective (life-cycle-costs, energy, thermal comfort, functionality and architecture) can lead to a 
higher number of high performance school refurbishments. On the federal level, the discussion about school 
refurbishment resulted in the conclusion that a typology of Austrian schools will be needed, which is not existing at 
present, namely a kind of status quo analysis taking into account the following aspects: 
x Renovation plan of the school: which measures have already been undertaken  
x Status of energy efficiency and building services systems  
x Architectural potential in terms of adapting the learning environment 
x Architectural and structural potential in terms of installing a mechanical ventilation system (which type 
of mechanical ventilation system will be suitable for which type of building considering above 
mentioned aspects) 
 
This matrix will help to identify specific buildings, which should be subject to a pilot renovation carried out with 
public funding, in order to proof the viability of concepts and serve as demonstration projects for other buildings of 
the same type.   
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